The control treatment, like RDI-P and RDI-SII-P when not receiving RDI, was irrigated at 100% of a water budget irrigation scheduling in 1994 and 1996, full crop years, and 80% of the budget in 1995, an off year with a very small crop. A carry-over effect of defi cit irrigation was highly signifi cant in all parameters measured during the third year of the experiment. The general effect of water stress during Stage II did not affect return bloom and fruit set, whereas water stress during postharvest apparently reduced both parameters. As a consequence, fruit counts and fruit load manifested marked differences between treatments, which were also correlated to changes in fruit size. The RDI-II, which had the highest fruit yield, also had the smallest fruit size, whereas RDI-P manifested the lowest yield and largest fruit size. Vegetative growth (shoot elongation and trunk cross sectional area) was signifi cantly reduced during the fi rst 2 years of the experiment in accordance with the amount of the irrigation reduction. However, in 1996 growth was strongly governed by fruit load. The use of RDI-SII-P represented an intermediate cropping effect between the opposite bearing behavior of RDI-SII and RDI-P, while not expecting distinctive fruit yield or size reductions and offering remarkable water savings of 22% of the control applied water.
The introduction of regulated defi cit irrigation (RDI) during the early 1980s (Chalmers et al., 1981; Mitchell et al., 1984) encouraged new research on the water requirements in fruit trees. The concept was to control excessive vegetative growth by means of water stress. However the question of tree seasonal sensitivity to water defi cits (DeJong, 1995) remained largely unresolved. Later studies were conducted on other tree species (Alegre et al., 2002; Caspari et al., 1994; Domingo et al., 1996; Goldhamer, 1999; Gonzalez-Altozano and Castel, 1999) . Although the RDI benefi ts were primarily focused on the reduction of vegetative growth and enhancement of fruit growth (Chalmers et al., 1981 , Li et al., 1989 , other advantages have also been described, i.e., a general tendency to improve fruit taste and quality (Fereres and Goldhamer, 1990) , and an improvement of postharvest shelf life (Crisosto et al., 1994) . Additionally, RDI has been shown to change fl owering behavior the year following its application, both in Prunus (Girona et al., 1997; Goldhamer and Viveros, 2000; Johnson et al., 1992; Lampinen et al. 1995; Li et al., 1989) and in Pyrus (Caspari et al., 1994; Marsal et al., 2002) . In all of these studies phenological sensitivity to water stress is reported. Although the fi rst RDI work in peach and pear trees showed clear benefi ts (Chalmers et al., 1981; Mitchell et al., 1984) , and subsequent studies have demonstrated the usefulness of this technique, not all situations seem optimal for the RDI. Such would be the case with peach orchards in some areas of California with deep sandy soils (Girona, 1989) , or when irrigating with saline water (Boland et al., 1993) or in special container growth conditions (Marsal et al., 2000) .
Due to the increasing limitation of water availability for irrigation of horticultural crops in large areas of the world, there is an increasing risk of losing irrigated land. Reducing applied water during certain periods of the year could improve water use effi ciency and conservation. Under these new conditions, the focus would not only be to achieve productions above average or control excessive vegetative growth but to reduce water use even at the possible risk of a slight reduction in production. Although previous studies analyzed the effect of water defi cit on fruit growth (Chalmers et al., 1981; Girona, 1989; Goldhamer et al., 1999; Li et al., 1989; Mitchell et al., 1984) , the results were not conclusive, probably, because of different experimental conditions (cultivar, soil, plant density, weather, etc.) . Soil depth and soil water holding capacity have been reported as interacting factors in the success of RDI (Behboudian and Mills, 1997) . According to those studies, two different periods of the annual cycle seem the most suitable for reducing irrigation: Stage II of fruit growth development (Chalmers et al., 1981; Li et al., 1989) , and postharvest (Johnson et al., 1992) .
The objective of the present work is to analyze the seasonal sensitivity of peach trees to water stress in Stage II and postharvest periods, in a single or a combined stress period, in trees cultivated in a shallow soil. The interest is mainly to evaluate the effects of water stress on fruit and vegetative growth, fruit load, phenological behavior, and their interactions.
were slightly wetter and accumulated around 20 mm during the same period. The average maximum daily temperature during summer was ≈33 °C whereas minimum relative humidity was usually ≈30%. An automated drip irrigation system with four compensating emitters (4 L·h -1 ) per tree was used with water meters in each replication to monitor applied irrigation water. Wetted surface soil was ≈35% of the shaded area. The plot was managed according to commercial practices with a mowed cover crop strip between rows. The trees were heavily cropped in 1994 and 1996 with more than fi ve fruit/cm 2 on a trunk cross section area basis (fruit load). In 1995, an April freeze eliminated most of the crop (fruit load <0.4 fruit/cm 2 ). In 1994 and 1996 the trees were thinned in late May to a commercially acceptable level. Fruit was harvested between 3 to 15 August, in three picks at commercial maturity.
EXPERIMENTAL DESIGN. A total of 352 fi ve-year old trees on peach seedling rootstock and 'Sudanellʼ scion (medium-late maturing peach) were used. Tree spacing was 5 × 3 m and the trees were pruned to a vase system. The plot was oriented north-south. A randomized complete-block design with four blocks was originally established. Each block consisted of three adjacent tree rows with 10 trees in each row. The center two trees of the middle row were used for physiological measurements, whereas the six center trees of the middle row were used to measure vegetative and production parameters.
IRRIGATION TREATMENTS. Four irrigation treatments were applied: control (C), and three RDI regimes: postharvest RDI treatment (RDI-P), Stage II fruit development RDI regime (RDI-SII) and a combined Stage II plus postharvest RDI treatment (RDI-SII-P). In order to achieve even higher water savings in the combined RDI treatment (RDI-SII-P), defi cit irrigation during Stage II was extended in the former for 1 week longer than in RDI-SII. The control treatment was fully irrigated using a water budget approach by subtracting effective rainfall (rain ef ) from crop evapotranspration (ETc). ETc was calculated from a modifi ed Penman-determined reference crop water use (ETo) (Doorenbos and Pruitt, 1977) with estimated crop coeffi cients (Kc) adapted from Goldhamer and Snyder (1989) (ETc = ETo·Kc) and modifi ed in situ based on plant water status. Initial Kc 1 (rapid growth) was 0.25, Kc 2 (midseason) = 1 (with a maximum Kc 2 = 1.05 during rapid fruit growth) and Kc 3 (late season) = 0.55. Irrigation began at fl owering (fi rst week of March), trees leafed out on 20 Mar., full leaf growth was completed by 15 June, harvest was fi nished by 15 Aug., and the end of the irrigation season was on 5 Nov. The RDI-SII and RDI-SII-P trees were irrigated at 50% of control during fruit growth Stage II; RDI-P and RDI-SII-P were irrigated at 35% of control during postharvest. Since defruited trees often consume less water than fully cropped trees (Chalmers et al., 1983 ) the control in the 1995 low crop year was irrigated at 80% of the water budget throughout the season.
METEOROLOGICAL MEASUREMENTS. Meteorological data for the Penman equation were collected at the nearest automated weather station (EMECA, 19 km from the study plot). This station is part of the Catalonian network of weather stations (Generalitat de Catalunya, 1994) . Air temperature, relative humidity, photosynthetic active radiation, rainfall and soil temperature were also recorded at a meteorological station situated in the plot itself.
PLANT WATER POTENTIAL MEASUREMENTS. Leaf water potential at predawn (Ψ pd ) and at midday (Ψ l ) (1200 HR local time) was measured weekly in 1994 using four leaves (two per tree) per experimental plot using the pressure chamber (model 3005; Soil Moisture Equipment Corp., Santa Barbara, Calif.) technique (Scholander et al., 1965) , and taking the precautions suggested by Turner and Long (1980) . Sample frequency was lower in 1995 and 1996 with 2 sampled days during Stage II and 4 during Stage III. Sampled leaves were fully mature, well exposed and dew-free. All readings were taken on sunny days. VEGETATIVE GROWTH MEASUREMENTS. Trunk circumference measurements were taken monthly during the nondormant period to evaluate the annual increases in trunk cross sectional area (TCSA) by using a metallic tape tool designed by K.A. Shackel (personal communication). Shoot elongation was measured on two randomly tagged nonterminal shoots per tree (12 shoots per experimental plot) and determined at intervals of 2 to 3 weeks, depending on the vegetative activity at the time. During the last year of the study (1996) , intercepted photosynthetic photon fl ux density (IPPFD) was determined using an Accupar Linear PAR Ceptometer (Decagon Devices, Inc., Pullman, Wash.). Thirty measurements were taken just above the soil surface for each experimental plot, which corresponded to a grid with measurements made at 0, 1 and 2 m from the trunk moving across the tree row and on both sides. Pruning weights were determined immediately after hand pruning during the dormant season of each year, following the application of irrigation treatments.
FLOWERING, FRUIT GROWTH, AND YIELD MEASUREMENTS. Fruit set and fruit load after thinning were determined from fl ower and fruit counts on two secondary branches per tree from bloom to harvest. These branches were facing opposite directions and their basal diameter was between 3 and 4 cm. Fruit set was calculated as the percentage of those fl owers that continued growing actively 1 (FSA1M) or 2 (FSA2M) months after full bloom as normal fruit. Fruit load after thinning was determined as the number of fruit per shoot at that time. Thinning was normally carried out 2.5 months after full bloom. In 1995 and 1996, four random 1-year-old horizontal fruiting shoots per tree were sampled 2 weeks before bloom. Shoot length, the number of fl ower buds, and the number of nodes per shoot were determined from them and two parameters were calculated: the number of buds per node and fl ower density as the total number of fl owers per unit of shoot length.
Fruit growth estimates were determined using two random fruit per tree (12 per experimental plot) sampled weekly from early April to harvest and brought to the laboratory for the determination of fruit fresh and dry weight. In 1995, fruit were sampled less often and sample size was reduced to seven fruit per treatment. Dry weight was obtained after drying the sample at 70 ºC to a constant weight. Fruit relative dry matter (RDM) was calculated as 100·(dry weight/fresh weight). On the day before harvest in 1995 and 1996 preharvest fruit drop was determined by counting the fruit laying on the ground. At harvest, fruit number and total fruit fresh mass were determined for each tree during three consecutive pickings. Mean fruit weight was estimated by dividing total fresh weight over total fruit number per tree. A subsample of 25% of total fruit weight per experimental plot was used to determine fruit size distribution based on fruit diameter categories of 5 mm. STATISTICAL ANALYSIS. Data were initially analyzed together as a repeated measurements analysis. Analysis of variance was also performed separately each year for yield components and vegetative parameters according to a complete randomized block model with each block being a replication unit. Each block data was the contribution of six experimental trees. Mean separation was done by using Duncanʼs multiple range test at 0.05 level of signifi cance. Statistical analysis was performed using the PROC GLM (SAS Institute Inc., 1988).
Results
In general, the amount of water applied was greater in 1994 than in either of the other 2 years in accordance with more severe weather conditions during times when evaporimetric demand was high (Stage III) (Tables 1 and 2 ). The quantity of applied water during the 3-year experiment varied slightly from year to year. An average for the 3-year period under control conditions was 676 mm·year -1 ( Table 2 ). The total amount of water that could be saved with RDI scheduling was dependent on the periods when defi cit was applied; with RDI-SII treatment, water savings with respect to control were on average 7%, whereas in the RDI-P strategy, the estimates reached up to 16% ( Table 2 ). The maximum rates, however, were achieved with the RDI-SII-P treatment with an average of 23% (Table 2) .
Such restrictions in irrigation induced signifi cant differences in tree water potential between irrigation treatments during the defi cit periods. The greatest differences were found in RDI-SII-P for both Ψ pd and Ψ l, and the lowest values were reached during the full crop years (1994 and 1996) at the end of their defi cit irrigation periods with treatment averages in Ψ l slightly lower than -2.0 MPa (Table 3 ). In the RDI-SII, the lowest average values in Ψ l (-1.85 MPa) were observed 1 week before those in RDI-SII-P because of differences in defi cit irrigation scheduling (Table 3) . During the postharvest period, water potential values were also markedly decreased in RDI trees. The estimates of Ψ l were signifi cantly lower in RDP-SII-P and RDI-P than those of fully irrigated treatments at that time (control and RDI-SII); in this case, the lowest values measured for 1994 (-2.66 MPa for the RDI-P) were even more negative than those of Stage II (Table 3 ). The observed treatment changes in Ψ l were, in general, consistent with what was manifested from Ψ pd (Table 3) .
Secondary trunk growth was signifi cantly inhibited in the RDI during 1994 and 1995 in accordance with the amount of restriction in applied water (Fig. 1) . In 1994 treatment differences were not statistically signifi cant, but during 1995 RDI-SII-P trunk growth increments were signifi cantly lower than RDI-P and the control (Fig. 1) . Likewise, neither RDI-SII nor RDI-P underwent signifi cant reduction in growth with respect to the control (Fig. 1) . However, these tendencies were substantially modifi ed during 1996. Trees from control and RDI-SII-P followed identical trends, whereas the trunk growth of RDI-SII was substantially inhibited, and RDI-P, on the contrary, had the highest growth rates (Fig. 1) . On the 3-year experiment basis, RDI treatments with defi cit during Stage 
*** *** z Means within column/stage followed by different letters were signifi cantly different at P = 0.05 using Duncanʼs test after irrigation effects were shown to be signifi cant with ANOVA test with P < 0.05.
NS,*,**,*** Nonsignifi cant or signifi cant at P < 0.05, 0.01, or 0.001, respectively, by ANOVA with complete randomized blocks.
II manifested the lowest growth rates, whereas those of RDI-P were not signifi cantly different from the control (Fig. 1) . Shoot elongation during 1994 was clearly reduced in those treatments that underwent water defi cits during Stage II (RDI-SII and RDI-SII-P) ( Fig. 2A) . This was coincident with the shoot enlargement phase. However, over the following 2 years a clear pattern of shoot growth differentiation between treatments was not observed (Fig.  2B and C ).
There were no clear differences in patterns of fruit dry and fresh weight between treatments in 1994 ( Fig. 3A and B) . There was only a slight tendency for diminished fresh fruit values in RDI-SII and RDI-SII-P at the end of Stage II (Fig. 3A) . However, this was not related to changes in real growth, but to passive fruit dehydration because relative dry weight (RDM) was higher in the above-mentioned treatments than in control or RDI-P (Fig. 3C ). Such differences in RDM were more marked at the end of Stage II and did not disappear immediately after the relief of water stress (Fig. 3C) . In fact, it took ≈3 weeks of full irrigation during Stage III to equalize RDM values between irrigation treatments (Fig. 3C) . In 1995, RDM treatment differences during Stage II were even more accentuated than in 1994 (Fig. 3F) . Nevertheless, in 1995, the typical double sigmoid fruit development curve provoked by the lag Stage II phase was not evident ( Fig. 3D and E) . On the other hand, differences between treatments in 1996 were observed as soon as Stage II was initiated ( Fig. 3G and H ). RDI-P and RDI-SII-P tended to manifest higher values of fruit fresh and dry weight at that moment, but later on, during Stage III, the pattern was even clearer, with RDI-P fruit (fresh and dry weights) larger and RDI-SII smaller than control ( Fig. 3G and H) .
Irrigation treatment effects (T) on fruit yield evaluated on the grounds of repeated measurements refl ected signifi cant differences in fruit count and load as well as in total yield (Table 4) . However, the effect of T on mean fresh fruit weight was not signifi cant but the year × treatment (Y × T) was, as in the other fruit yield components (Table 4 ). The signifi cance of the Y × T effect stimulated us to evaluate the irrigation effects separately for each year. In 1994, and despite the fact that signifi cant differences in mean fruit fresh weight were not observed, fruit counts in the RDI-SII-P were apparently higher at harvest than RDI-P or control (Table 5) . Control trees and RDI-P treatments had the lowest fruit load and yield values in 1994. RDI-SII was intermediate, without signifi cant differences from the other treatments (Table 5 ). In 1995, the frost year, the productive load was reduced 10-fold with respect to the full crop year 1994, and despite this, signifi cant differences in fruit yield were still found (Table 5) . RDI-SII manifested a signifi cantly higher yield than RDI-P (Table 5 ). However, neither average fruit fresh mass nor fruit count showed signifi cant treatment differences (Table 5 ). In the following year, 1996, differences in fruit yield between RDI-SII and RDI-P were maximized, whereas estimates in all the other treatments were signifi cantly different, with the exception of control and RDI-SII-P (Table 5 ). In general, fruit yield in 1996 was superior to that in 1994 (Table 5 ). All the other components of fruit yield (mean fruit fresh weight and count) and fruit load were highly signifi cant that year. The fruit fresh weight values were ordered from highest to lowest treatment averages in the following sequence: RDI-P > RDI-SII-P > control > RDI-SII, which in turn was the opposite of that manifested by fruit count (Table 5 ). Since there was no treatment effect on fruit size when fruit load was corrected by means of a covariance analysis (data not shown), it is likely that changes in fruit size were triggered by fruit competition. The effects of RDI treatments on fl owering and fruit set (FSA1M) behavior were not found to be signifi cant during the fi rst 2 years of the experiment (Table 6 ). In the third year, however, noticeable differences were found in fl ower density and fruit set. Both parameters were highest in the control and RDI-SII treatments, whereas the postharvest defi cit irrigated treatments exhibited the lowest values, especially in fruit set for RDI-P (Table 6 ). These differences were so important that manual fruit thinning was not enough to eliminate fruit per shoot count differences between treatments. RDI-SII had the highest counts and RDI-P the lowest, whereas differences between control and RDI-SII-P were not signifi cant (Table 6 ). On the other hand, the cultivar used in this experiment ('Sudanellʼ) manifested a susceptibility to fruit splitting before harvest. Fruit drop during prematuration in 1996 was lowest in the RDI-SII trees (Table 6 ).
There were no signifi cant differences in pruning weights during the fi rst 2 years of the experiment but in 1996 pruning weights were highest in RDI-P (Table 6 ). This pattern was consistent with that shown by crop intercepted radiation (IPPFD) ( Table 7 ). The RDI-P trees intercepted statistically higher incoming radiation (78%) than those of RDI-SII (70%) ( Table 7) .
Discussion
It is commonly accepted that during pit hardening (Stage II) peach fruit growth is not very sensitive to water stress (Chalmers et al., 1981; Li et al., 1989) . In this study, the effects of the different irrigation treatments on peach fruit growth were negligible during the fi rst year of the experiment. Although Stage II defi cit irrigated fruit manifested dehydration (RDM, Fig. 3C ), further growth rates in fresh and dry weight were not affected in any of the RDI treatments ( Fig. 3A and B) . The largest treatment differences in fruit RDM at the end of Stage II were coincidental with the lowest estimates in Ψ l (-2.18 MPa) ( Table 3 ). The RDI-SII-P/RDI-SII differences in RDM were also linked to a difference in water stress levels which were provoked by the 1-week gap when resuming full irrigation (Table 3) . In other experiments, however, reductions in fresh weight were noticed during Stage III, because tree water stress was extended for several weeks, well into the sensitive growth phase (Girona, 1989; Girona et al., 1993) . This was not the case under the conditions of this experiment, because in these shallow soils (0.50 m deep) water stress after Stage II was relieved in less than a week (Marsal and Girona, 1997) . Such conditions facilitate the adequate timing of water stress application that is needed in an RDI strategy. Moreover, Boland et al. (2000) reported that an RDI technique can be more successful in shallow soils because the root restricted environment makes it easier to control excessive vegetative growth. In 1994, it was unexpected that fruit counts were lower at harvest for the treatments that had not received any previous irrigation restriction (control and RDI-P; Table 5 ). It is unlikely that these lower fruit counts were due to inherent differences in the trees before the experiment, because the same treatment divergences were found for fruit load (Table 5) . Similarly, variations in fruit set or thinning NS,*,**,*** Nonsignifi cant or signifi cant at P < 0.05, 0.01, or 0.001, respectively, by ANOVA with complete randomized blocks. could not be the explanation since they were not different (Table  6 ). These differences in fruit count are presumed to have resulted from preharvest fruit drop, because visually more fruit was spread on the orchard fl oor below the control trees at harvest. A similar observation has been reported for fully irrigated peach trees by Li et al. (1989) . Unfortunately, fallen fruit were not counted before harvest in 1994, but when they were counted in 1996 the treatment differences were apparent, and fruit drop was least in the single defi cit treatment during Stage II (RDI-SII, Table 6 ). The frost in Spring 1995 did not allow detection of any carry-over effects from RDI treatments on yield behavior, because fruit set was greatly reduced. However, fl ower density was determined and it was not affected that year (Table 6 ). The seasonal patterns of the small amount of fruit left on the trees did not clearly manifest a lag phase; this emphasizes the extent to which Stage II is sink limited (Pavel and DeJong, 1993) (Fig 3E) . Despite the fact that applied water was reduced to 80% of the potential consumption because high fruit load is considered a sensitizing factor of the tree to water stress (Berman and DeJong, 1997; Marsal and Girona 1997; Naor et al. 1999) , Ψ l values in 1995 tended to be higher than in 1994, whereas Ψ pd during Stage III indicated the general reductions in irrigation for all the treatments (Table 3 ). The highest values in Ψ l during Stage III were detected in 1996 when there was the lowest evaporative demand (Table 1 and Table 3 ).
In spite of the frost in 1995, more kilograms of fruit were harvested in RDI-SII than in the RDI-P, probably due to a combined effect of higher fruit counts and fruit size which were, however, not statistically signifi cant components by themselves (Table 5 ). In general, treatments that suffered water stress during Stage II (RDI-SII-P and RDI-P) had more fruit in higher size categories than those with full irrigation throughout Stage II (control and RDI-P) (Fig.  4) . This could relate to a possible fruit growth enhancement after removal of water stress in the RDI trees (Chalmers et al., 1981; Li et al., 1989) . However, such a response was not apparent from fruit growth analysis, possibly because of the limited sample size. In 1996, fruit loads were different between treatments so similar comparisons could not be made (Fig. 3F and I) .
Carry-over effects were clearly more visible in 1996; fl ower density and fruit set were signifi cantly reduced in the postharvest defi cit treatments (RDI-SII-P and RDI-P) ( Table 6 ). Such a decrease in fl ower density was not provoked by a shortening of shoot internode length in RDI treatments but by a lower proportion of fl ower buds per node (Table 7) . This could indicate a negative effect on bud differentiation, depending on the time in the annual cycle when water stress occurred (Stage II against postharvest). Irrigation effects on fruit set were even clearer than those on fl ower density (Table 6 ). RDI-P trees that manifested more negative Ψ l values than the RDI-SII-P trees during postharvest (Table 3) also had the lowest fruit sets (Table 6 ). The severity of the water stress levels reached during postharvest, above all in RDI-P, could have been related to a depletion in the carbon reservoir pool and, as a consequence, to a reduction in the sugar content of pistils during the third consecutive spring. A low sugar content in pistils has been related to the speed of pollen tube development and thus to the success of fertilization (Arbeola and Herrero, 1987) . Similar results with regard to fl owering behavior have been described in almond by Goldhamer and Viveros (2000) . They reported that the degree of water defi cit before harvest, obtained by progressively increasing the elapsed times of withholding irrigation, was positively related to fl ower density and fruit set, whereas stress intensity after harvest was correlated to a decrease in both parameters. Lamp et al. (2001) reported that stresses occurring during fl ower development reduce next seasonʼs crop yield because of a reduced fl ower quality. Although the effects of water stress on (x) * * NS z IPPFD = intercepted photosynthetic photon fl ux density. y Means within column/year followed by different letters were signifi cantly different at P = 0.05 using Duncanʼs test (SAS institute, 1988) NS,*,**,*** Nonsignifi cant or signifi cant at P < 0.05, 0.01, or 0.001, respectively, by ANOVA with complete randomized blocks. fruit set (FSA1M) and bloom density are identifi ed in Table 6 , the relationship of fruit set 2 months after full bloom (FSA2M) versus Ψ l at postharvest clearly shows a decrease in fruit set with Ψ l (from a previous year) becoming more negative (Fig. 5 ). This response supports the fi ndings reported by Goldhamer and Viveros (2000) and Lamp et al. (2001) . The treatment differences in fl ower and fruitlet counts in the early spring of 1996 remained after fruit thinning; RDI-P maintained lower counts, whereas RDI-SII again showed the highest values (Table 6 ). From fruit thinning until harvest, differences in fruit counts between control and RDI-SII-P were not signifi cant, but treatment differences in fruit counts at harvest confi rmed the reproductive enhancement in RDI-SII and the negative impact in RDI-P with respect to the control (Table 5 ). Fruit growth in 1996 was highly infl uenced by the cropping level, and the tendencies of fresh and dry weight accumulation were highly consistent with a fruit competition effect (Fig. 3G, H, and I) . At harvest, average fruit fresh weight was proportional to the fruit load manifested in each treatment and water stress during Stage II did not play a signifi cant role by itself (Table 5 ). Therefore, the major effects of RDI in this study were related to changes in cropping behavior, which in turn have been fully dependent on the moment when water stress occurred. If water stress was applied during spring (May and early June) or during the shoot growth phase, the trend was to increase the number of fruit and to reduce the fi nal fruit size; whereas if water stress was applied from late summer onward (late August and early September were the moments of maximum water stress) or just after shoot growth cessation, the effect was to reduce fruit load [lower fl ower density and fruit set (Table 6 )] and increase fruit size. Such a bimodal effect highlights the role of irrigation as an important tool for establishing productive targets depending on market preferences. Furthermore, the option to apply a combined RDI treatment (RDI-SII-P) represents an intermediate cropping effect between both extremes and can lead to results similar to those of control. More importantly, RDI-SII-P was the best of the planned irrigation strategies in reducing applied water.
Vegetative growth, and more specifi cally elongative shoot growth, was clearly reduced in 1994 during Stage II in defi cit irrigated treatments (RDI-SII and RDI-SII-P) ( Fig. 2A) , but this was only evident at the end of this defi cit period when the maximum water stress levels were reached ( Fig. 2A) . The same results were not found during the following experimental years, probably because water defi cit can substantially affect the pattern of branching (Hipps et al., 1995) . Therefore, a balanced sample size of shoots in trees with different branching patterns may not be enough to evaluate differences of whole tree changes in shoot length ( Fig. 2B and C) , because shoot number is also an important factor to consider. This is not the case when measuring trunk growth and the increase in TCSA has been shown to be reduced consistently during the fi rst 2-year experiment for the single RDI treatments, and even in a more accentuated fashion in the combined RDI treatment (RDI-SII-P) in accordance with the rate of accumulated water stress during the growth cycle (Fig. 1) . These patterns were completely modifi ed in 1996 as a result of the differences in fruit sink strength among treatments; RDI-P experienced the highest growth rates whereas RDI-SII the lowest (Fig. 1) . This response in 1996 refl ects the importance of fruit load as a vegetative growth regulator, which in this case appeared to be stronger than the drought effects that had occurred over the previous 2 yearsʼ irrigation treatments (Fig. 1) . At the end of the experiment, the treatment averages of intercepted crop radiation (IPPFD) were arranged inverse to the fruit load estimates in 1996, with the highest and lowest values corresponding to the RDI-P and RDI-SII, respectively (Table 7 ). In addition, the RDI-P trees visually had more suckers during the summer, which led to the most wood removal during winter pruning (Table 6 ). In summary, the combined RDI treatment (RDI-SII-P) presented the best opportunities to reduce vegetative growth during the early years; once fl owering and fruit load were affected, vegetative control was superior in RDI-SII, whereas the single postharvest treatment (RDI-P) through its reductions in fruit load enhanced vegetative growth.
On the other hand, a yield decrease in a long-term RDI-SII-P strategy cannot be ruled out, because presumably, in 1996, fruit load levels after thinning the control were not different from those of RDI-SII-P (Table 6 ), but accumulated fruit dry weight was lower in RDI-SII-P than in control, thus losing all the previous advantages gained during Stage I and part of Stage II (Fig. 3H ). This loss of fruit growth could be related to reservoir depletion in RDI-SII-P, which in long-term defi cit irrigation practices apparently can happen (Esparza et al., 2001) . The insertion of a full irrigation year for each 3 years of RDI could tend to minimize the impacts on the reservoir pool and guarantee the long-term results of the combined RDI strategy. When drawing conclusions from this study, one should take the specifi c crop techniques used in this commercial orchard into account; fruit thinning was minimal to favor high fruit numbers which are recommended in production for canning. Additionally thinning was carried out relatively late on the season (late May, early June). These conditions are very favorable for maintaining the infl uences of the initial differences on fruit load and also for manifesting their impact on crop yield more effectively.
When comparing the combination of defi cit irrigation during Stage II and postharvest (RDI-SII-P) to fully irrigated trees (control), fi nal fruit size, number, and yield were not affected, while a more favorable fruit to vegetative growth balance and the highest water saving (22%) was achieved. The level of water savings during postharvest almost doubled that of Stage II, which makes postharvest a more appealing period than Stage II for saving applied water.
In conclusion, for late maturing peach trees in shallow soils RDI-SII reduced fruit drop and improved fi nal fruit set compared to control. Water stress imposed in postharvest clearly reduced fl ower density and fruit set in 1996. Short term and long term vegetative effects on RDI in peaches could be acting in different ways: in the short term (year 1994) RDI reduced vegetative growth according to the experienced water stress, while in the long term (year 1996, after 3 years of applying the same irrigation treatments) the effects on vegetative growth were mediated by crop load. An excessive water stress applied during postharvest can unexpectedly enhance tree vigor if crop load is substantially reduced in the following years. For practical implications, postharvest water stress should be managed carefully in order to avoid reductions in bloom return and fruit load, especially on shallow soils. The management of water stress during stage II is less critical, and may have the benefi ts of controlling vegetative growth, increasing fl ower density and commercial fruit load.
